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Karl Kleist (1879–1960) 
 
German neurologist and psychiatrist  
 
Localization of function in the cerebral 
cortex of man included mapping of 
cortical functions on brain maps.  
 
The work is based on several hundred 
cases of shot wounded patients of World 
War I, whose function-deficits Kleist 
deliberately studied and described in 
detail during their lifetime.  
 
Later on by means of brain autopsy he 
documented the lesion and was, thus, 
able to localize brain function in each 
single case doing this also on 
cytoarchitectonical grounds. 



Complex cognitive processing:  
planning anf execution  



Mind that Kleist’s “efficiency of thought” is localised 
in the prefrontal cortex, Brodman area 10. 



Mind that Kleist’s efficiency of thought is localised 
in the prefrontal cortex, Brodman area 10. 
 
The medial part of BA 10 is activated if we make 
judgments about what is morally good, what function 
best in social settings, as well as when we make 
aesthetic judgments. 
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In the grayscale version of Monet’s Soleil levant (1872) the intensely bright 
sun has almost completely dissappeared.  Why?  It is because the sun is 
isoluminant with the background colour.  But why is the sun so intensely 
shimmering when we look at the original painting?   
The reason is that there is two different systems leading from the primary 
visual cortex to higher visual areas of the brain.  The «where system» which 
follows the superior longitudinal fasciculus is colour blind and only tuned to 
luminance contrasts.   
The ventral «what system» follows the inferior longitudinal fasciculus.  It is 
colour sensitive, and recognises objects, faces etc.  The colour sensitive 
«what» pathway recognizes the sun and its colour in Monet’s painting.  The 
«where» pathway is, however, blind for the isoluminant sun.   
It becomes an oscillation between the «what» and the «where» system, which 
results in a shimmering of the isoluminant sun.  











http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=W-5SyRTAqF20uM&tbnid=jOzPl7zAXFei7M:&ved=0CAUQjRw&url=http%3A%2F%2Fculhamlab.ssc.uwo.ca%2Ffmri4newbies%2FPrimeronCorticalSulci.html&ei=XsM6UtXBIaaz4ATM94HABw&bvm=bv.52288139,d.bGE&psig=AFQjCNG4_CB8bQxwhzA-TuDWm5O4s63mOw&ust=1379669203098167




Formulation of words 







mirroring mechanisms 
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embodied mechanisms  







When we try to grasp a 3D form, there will be an activation of 
Brodmann area 7 in the parietal cortex.  This means that when 
we look at sculptures, our parietal lobe tries to interpret its 
deapth for us, so that we can calculate how it is sculptured 
around, also at the side that is obscured by our present position. 



In fact, this system also works when we look at paintings, 
particularly when the paintings have «soft edges», so that they 
are not clearly delineated.  Our Brodmann area 7 in parietal 
cortex tells us how to recognize the three dimensional form in 
such more schetchy paintings. 







Experimentally, it has been proved that when we analyze a 3D 

form, comparing it with another 3D form, trying to find out 

whether the two forms are equual, a process called mental 

rotation, the foremost activation takes place in the parietal cortex, 

Brodmann area 7.   

 

There are sex-differences here: men are usually more clever in 

mental rotation tasks than women.  Women, on the other hand, 

are much more clever in a verbal description, telling how different 

items are located in relation to each other etc.  The differences 

betwee sexes is usually explained according to the so called 

hunter gatherer hypothesis, where men were out in landscape, 

hunting, while women were home, gathering berrys, fruits, 

preparing food etc. 













The cerebral cortex: 
 

Neocortex=the new cortex 
 sensoric, motoric, and association areas 
  

*mesocortex 
 the paralimbic areas 
  cortex cinguli, parahippocampal 
  gyrus, cortex insula, 
  orbitofrontal cortex 

*allocortex 
  hippocampus, olfactory  
  cortex=the part of cortex receiving 
  impulses from the olfactory bulbs 
 
* Both mesocortex and allocortex is part of the  
 limbic system 
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Neocortex=the new cortex 
 sensoric, motoric, and association areas 
  

*mesocortex 
 the paralimbic areas 
  cortex cinguli, parahippocampal 
  gyrus, cortex insula, 
  orbitofrontal cortex: higher order 
  cx. for smell and gustation; 
  rewarding mechanisms!!! 
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Paul Broca described this emotional part of the brain il grand lobe 

limbique: the great limbic ring: 

cortex cinguli, hypothalamus, the anterior nuclei of thalamus, and the 

hippocampus form what is called the "classic limbic ring". 

 

 

 



Paul Broca described this emotional part of the brain il grand lobe 

limbique: the great limbic ring: 

cortex cinguli, hypothalamus, the anterior nuclei of thalamus, and the 

hippocampus form what is called the "classic limbic ring". 

 

In the 1930s it was James Papez who first put forward the hypothesis 

that these structures were organized as a system of emotions. The 

limbic system was therefore also called "Papez circuit". 

 

 



The anatomy of the nerve cell and its history of 
research 





Golgi's method is a nervous tissue staining 
technique discovered by Italian physician and 
scientist Camillo Golgi (1843–1926) in 1873. It 
was initially named the black reaction (la 
reazione nera) by Golgi, but it became better 
known as the Golgi stain or later, Golgi 
method. 
  
Golgi' staining was famously used by Spanish 
neuroanatomist Santiago Ramón y Cajal 
(1852–1934) to discover a number of novel 
facts about the organization of the nervous 
system, inspiring the birth of the neuron 
doctrine. Ultimately, Ramon y Cajal improved 
the technique by using a method he termed 
"double impregnation." Ramon y Cajal's 
staining technique, still in use, is called Cajal's 
Stain. 



Is the nervous system a complex network or , 
where the large neurons communicate with 
small ones, organized in transverse plexus , a 
view that was advocated by Golgi and 
Tartuferi, or is it a communication from cell to 
cell in a linear, which was the thesis set forth 
by S.R. y Cajals syn? 
 
H.K. Hartline, R. Granit and G. Wald received 
the nobel prize in medisin and phfysiology in 
the year 1967 on a basis of studies which gave 
support to the view of Golgi and Tartuferi; they 
prooved that the nervous system was more of 
a reticulum that a ”point-to-point” 
communication. 



 
Golgi's method stains a limited number of cells 
at random in their entirety. The mechanism by 
which this happens is still largely unknown. 
 
Dendrites, as well as the cell soma, are clearly 
stained in brown and black and can be 
followed in their entire length, which allowed 
neuro-anatomists to track connections 
between neurons and to make visible the 
complex networking structure of many parts of 
the brain and spinal cord. 
  
Golgi's staining is achieved by impregnating 
fixed nervous tissue with potassium 
dichromate and silver nitrate. Cells thus 
stained are filled by microcrystallization of 
silver chromate. 



Silver chromate (Ag2CrO4) is a brown-red 
monoclinic crystal and is a chemical precursor 
to modern photography.  
 
It can be formed by combining silver nitrate 
(AgNO3) and potassium chromate (K2CrO4).  
 
This reaction has been important in 
neuroscience, as it is used in the "Golgi 
method" of staining neurons for microscopy: 
the silver chromate produced precipitates 
inside neurons and makes their morphology 
visible. 
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Tartuferi was a student of Golgi who had developed the 
reazione nera (black reaction) in 1873. He published a 
beautiful coloured illustration of the retina in 1887.  
 
Despite the detailed representation of the constituent 
individual cells of the retina, Tartuferi retained Golgi’s view 
that the nervous system was a reticulum of nerve cells.  
 

2011 Nicholas Wade, Marco Piccolino & Adrian Simmons, Images © 2011 Nicholas Wade. 
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Golgi's method is a nervous tissue staining 
technique discovered by Italian physician and 
scientist Camillo Golgi (1843–1926) in 1873. It 
was initially named the black reaction (la 
reazione nera) by Golgi, but it became better 
known as the Golgi stain or later, Golgi 
method. 
  
Golgi' staining was famously used by Spanish 
neuroanatomist Santiago Ramón y Cajal 
(1852–1934) to discover a number of novel 
facts about the organization of the nervous 
system, inspiring the birth of the neuron 
doctrine. Ultimately, Ramon y Cajal improved 
the technique by using a method he termed 
"double impregnation." Ramon y Cajal's 
staining technique, still in use, is called Cajal's 
Stain. 



Is the nervous system a complex network or , 
where the large neurons communicate with 
small ones, organized in transverse plexus , a 
view that was advocated by Golgi and 
Tartuferi, or is it a communication from cell to 
cell in a linear, which was the thesis set forth 
by S.R. y Cajals syn? 
 
H.K. Hartline, R. Granit and G. Wald received 
the nobel prize in medisin and phfysiology in 
the year 1967 on a basis of studies which gave 
support to the view of Golgi and Tartuferi; they 
prooved that the nervous system was more of 
a reticulum that a ”point-to-point” 
communication. 



Pukinje cells, cerebellum, stained with Golgi method.  Ramon y 
Cajal, 1888   



Now follows a series of Purkinje cells from the 
cerebellum of rats stained by my tutor Bolek Srebro 
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axon leaving cell 





SV synaptic vesicles 
SC synaptic cleft 
PSD postsynaptic dendrit 
Mit mitochondrion 
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K+ 

Na+ Na+/K+ pump 

Potassium (K+) channel, protein structure 

A nerve cell at rest has a high concentration of potassium ions (K+) inside the 
cell, and a high concentration of sodium ions (Na+) outside the cell.  In any 
chemical system where there is a concentration difference within a solution, or 
between two compartments separated by a permeable membrane, substances 
will diffuse from the compartment of high concentration to the compartment 
of low concentration.  In the nerve cell this results in an outflow of K+ ions 
and an inflow of Na+ ions.    
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Since the cell membrane is much more permeable to K+ than to Na+, the net 
flux of K+ out of cell will be much greater than the flux of Na+ into the cell.  
Since, however, there are many large molecules inside the cell with a surplus 
of negative (-) charges on them, molecules which are too large to cross the cell 
membrane, they will restrict the mobility of the K+ ions:  
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Na+ Na+/K+ pump 

Potassium (K+) channel, protein structure 

A nerve cell at rest has a high concentration of potassium ions (K+) inside the 
cell, and a high concentration of sodium ions (Na+) outside the cell.  In any 
chemical system where there is a concentration difference within a solution, or 
between two compartments separated by a permeable membrane, substances 
will diffuse from the compartment of high concentration to the compartment 
of low concentration.  In the nerve cell this results in an outflow of K+ ions 
and an inflow of Na+ ions.    
 
Since the cell membrane is much more permeable to K+ than to Na+, the net 
flux of K+ out of cell will be much greater than the flux of Na+ into the cell.  
Since, however, there are many large molecules inside the cell with a surplus 
of negative (-) charges on them, molecules which are too large to cross the cell 
membrane, they will restrict the mobility of the K+ ions:  
 
the K+ ions that leave the cell through the K+ channels will therefore ´hang` 
on the extracellular face of the cell membrane, dragged there because of the 
large negative charges on the inner side of the thin membrane.  This 
establishes an electrical potential between inside and outside equal to -70 
millivolt (mV).  This is the so called resting membrane potential.  

http://www.youtube.com/watch?v=UqxzSrjzJ70 



K+ 

Na+ Na+/K+ pump 

The diffusion of ions across the cell membrane would have resulted in 
a dangerous loss of K+, the concentration of which has to be constant 
within the cell, and also an accumulation of Na+ inside the cell, if it 
had not been for the so called Na+/K+ pump.  This energy driven pump 
actively transports three Na+ ions out from the cell in exchange of two 
K+ into the cell to re-establish physiological steady state. 
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-vesicles filled with neurotransmitter molecules  
    empties into the synaptic cleft 
-neurotransmitter binds to receptors Ca++ 



K+ 

Na+ Na+/K+ pump 

-vesicles filled with neurotransmitter molecules  
    empties into the synaptic cleft 
-neurotransmitter binds to receptors 
-this results in Na+ influx  
    and a depolarized membrane 

Na+ influx: depolarization 
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axon leaving the cell 

K+ 

Na+ Na+/K+ pump 

Na+ channels open.   
Na+ influx   
depolarisation 

repolarization 
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Na+ influx   
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http://www.youtube.com/watch?v=LXdTg9j
ZYvs 



K+ 

Na+ Na+/K+ pump 

Na+ channels open.   
Na+ influx   
depolarisation 

Na+ channels closes 
K+ flux out of cell 
hyperpolarization 
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